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NATIOITAL, A D V I S O R Y  C O M M I T T E E  FOR A X B O N A U T I C S  

K D V A B C E  R E S T R I C T E D  X E P O R T  
---- 

M E A S U 3 3 b E X T S  I N  F L I G H T  OF TIIE PIiXSSrJR.3 D I S T R I B U T I O N  O N  T K Z  

B I G E  W I B G  OF A P-39N-1 A I R P L A N E  A T  

S E V S R A L  VALUES OF MACH NUMBER 

Ey L a w r e n c e  -4. C l o u s i n g ,  W i l l i a m  N. T u r n e r ,  
a n d  L .  S t e w a r t  Rolls 

SUMMARY 

P r e s s u r e - d i s t r i b u t i o n  n e a s u r e m e n t  s w e r e  made on t h e  r i q h t  
w i n g  o f  a P - 3 9 N - 1  a i r p l a n e  a t  v a l u e s  o f  Mach number  U P  t o  
0 .80 .  T h e  r e s u l t s  showed t h a t  a c o n s i d e r a b l e  p o r t i o n  o f  t h e  
l i f t  was c a r r i e d  b y  c o m ~ o n e n t s  o f  t h e  a i r p l a n e  o t l - e r  t k a n  t h e  
w i n g s ,  a n d  t h a t  t h e  p r o p o r t i o n  o f  l i f t  c a r r i e d  b y  t h e  w i n g s  
may v a r y  c o n s i d e r a b l y  w i t h  Mach n u n b e r ,  t h u s  c h a n q i n g  t h e  b e n d -  
i n g  monen t  a t  t h e  w i n <  r o o t  w h e t h e r  o r  n o t  t h e r e  i s  a s h i f t  i n  
t h e  l a t e r a l  n o s i t i o n  o f  t h e  c e n t e r  o f  p r e s s u r e .  I t  was a l s o  
shown t h a t  t h e  c e n t e r  o f  p r e s s u r e  d o e s  n o t  n e c e s s a r i l y  movs 
o u t w a r d  a t  h i g h  N a c h  n u m b e r s ,  e v e n  thoup,h t h e  w i n g - t h i c k n e s s  
r a t i o  d e c r e a s e s  t o w a r d  t h e  w i n g  t i p .  The  winrs  ? i t c h i n ? - m o m e n t  
c o e f f i c i e n t  i n c r e a s e d  s h a r n l y  i n  a n e a a t i v e  d i r e c t i o n  a t  a 
Mach nu i .be r  s l i g h t l y  h i g h e r  t h a n  t h e  c r i t i c a l  Mach n u m b e r .  
The  l i f t - c u r v e  s l o p e  i n c r e a s e d  w i t h  Mach number  u p  t o  v a l u e s  
o f  Mach number  w h i c h ,  i n  sorne i n s t a n c e s ,  w e r e  c o n s i d e r a b l y  
a b o v e  t h e  c r i t i c a l  v a l L e .  P r e s s u r e s  i n s i d e  t h e  w i n g  w e r e  
s m a l l  a n d  n e g a t i v e .  

I N T B O D U 2 T T O N  

M e a s u r e m e n t s  i n  f l i g h t  o f  t h e  p r e s s u r e  d i s t r i b u t i o n  on  a 

t h e  w i n g s  o f  a i r n l a n e s  w e r e  c o n d u c t e d  by t h e  N A C A  s e v e r a l  
y e a r s  a g o  ( r e f e r e n c e s  1 t o  3) f o r  t h e  p u r p o s e  o f  e s t a b l i s h i n g  
t h e  a i r  l o a d s  o b t a i n e d  i n  v a r i o u s  m a n e u v e r s .  B e c a u s e  of  t h e  
r e l a t i v e l y  low s p e e d s  a t t a i n a b l e  w i t h  t h e s e  a i r g l a n e s ,  i n f o r -  
m a t i o n  o n  t h e  e f f e c t s  o f  h i g h  Mach a n d  R e y n o l d s  n u m b e r s ,  
n e e d e d  b y  d e s i g n e r s  o f  p r e s e n t - d a y  a i r p l a n e s ,  w a s  n o t  o b t a i n e d .  



T h e  s u e e d s  r e a c h e d  by  modern  a i r c r a f t  a r e  o f t e n  s o  h i < h  
t h a t  c o c 9 r e s s i o n  s h o c k s  d e v e l o r ,  i n  t h e  a i r  flow o v e r  t h e  w i n g  
( a n d  o t h e r  p a r t s  o f  t h e  a i r n l a n e ) ,  r e s u l t i n g  i n  c h a n c e s  i n  
t h e  air-load d i s t r i b u t i o n .  W i n d - t u n n e l  t e s t s  h a v e  shown t h a t  
t h e  c e n t e r  o f  n r e s s u r e  on  a w i n g  moves  b a c k w a r d  a s  t h e  s h o c k  
s t a l l  d e v e l o p s .  I n  a d d i t i o n ,  b e c a u s e  o f  t h e  s p a n w i s e  v a r i a -  
t i o n  i n  t h i c k n e s s  r a t i o  of m o s t  p r e s e n t - d a y  a i r p l a n e  w i n g s  
i t  h a s  b e e n  g e n e r a l l y  c o n s i d . e r e d  t h a t  t h e  i n b o a r d  s e c t i o n s  
w o u l d  s t a l l  f i r s t ,  c a u s i n ~  t h e  c e n t e r  of p r e s s u r e  t o  move o u t -  
w a r d  also, t1:ns i n c r e a s i n g ,  p e r h a p s  t o  a d a n g e r o u s  d e g r e e ,  
t h e  b e n c l i n g  xoment  a t  t h e  w i n g  r o o t  f o r  a g i v e n  v a l u e  o f  l i f t .  

A s  a c t u a l  d a t a  h a d  n o t  b e e n  o b t s i n e d  i n  f l i g h t  on t h e  
nati:.re of  siic,L a v a r i a t i o n ,  t n e  A i r  T e c h n i c a l  S e r v i c e  Command, 
U . S .  Army A i r  F o r c e s ,  r e q u e s t e d  t h a t  t h e s e  t e s t s  b e  u n d e r t a k e n .  
M e a s u r e m e n t s  w e r e  made o f  t h e  D r e s m r e  f i i s t r i b u t i o n  i n  f l i g h t  
o n  t h e  r i g h t  w i n g  o f  a P-3QM-1 a i r p l a n e .  I t  was p o s s i b l e  t o  
make m e a s i i r e m e n t s  u p  t o  a Mach number o f  a p n r o x i m a t e l y  0 . 8 0 ,  
t h e  h i x i i e s t  v a l n e  a t t a i n a b l e  w i t h  t h i s  a i r u l a n e  when d i v e d  
v e r t i c a l l y  f r o m  i t s  o p e r a t i n g  c e i l i n ~  o f  a b o u t  3 4 , 0 0 0  f e e t  t o  
a minimum a l t i t u d e  o f  a b o u t  1 0 , 0 0 0  f e e t .  

DESCBIPTION OF THE AI9PLANN 

T h e  B e l l  P-39Y-1 a i r g l a n e  i s  a s i n g l e - e n g i n e ,  s i n g l e -  
p l a c e ,  l o w - w i n g ,  c a n t i l e v e r  m o n o p l a n e  e q u i p n e d  w i t h  p a r t i a l -  
s p a n  s p l i t  f l a u s  a n d  t r i c y c l e  r e t r a c t a b l e  l a n d i n g  g e a r .  P i g -  
u r e s  1 a n d  2 a r e  p h o t o g r a ~ h s  o f  t h e  a i r p l a n e  a s  i n s t r u n e n t e d  
f o r  t h e  f l i g h t  t e s t s .  F i q u r e  3 i s  a z e n e r a l  a r r a n g z m e n t  
d r a w i n g  o f  t k e  a i r D 1 a n e .  !?kc s a e c i f i c a t i o n s  o f  t h e  z i r p l a n e ,  
w h i c h  w c r c  t s k c n  m a i n l y  f r o r .  r i : f e r enc t?  4 ,  are a s  f o l l o w s :  

S p a n  . . . . . . . . . . . . . . . . . . . . .  3 4 . 0  f t  
L e n g t h  . . . . . . . . . . . . . . . . . . . .  3 0 . 1 6 7  f t  
H e i g h t  . . . . . . . . . . . . . . . . . . . .  9 . 2 7 1  f t  

Wing 

A i r f o i l .  s e c t i o n ,  r o o t  ( ? 2  i n .  o u t b o a r d  o f  a i r -  

A i r f o i l  s e c t i o n ,  t i p  ( p r o j e c t e d ,  204 i n .  o u t -  

A r e a ,  t o t a l ,  i n c l u d i n q  a i l e r o n s  a n 6  s e c t i o n  

p l a n e  c e n s e r  l i n e ) .  . . . . . . . . . . . . .  NACA O c a 1 5  

b o a r d  o f  a i r p l a n e  c e n t e r  l i n e ) .  . . . . . . .  N A C A  23009 

p r o j e c t e d  t h r o u g h  t h e  f u s e l a g e .  . . . . .  2 1 3 . 2 2  s q  f t  
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Shard, r o o t  ( 2 2  i n .  o u t b o a r d  o f  a i r p l a n e  

C h o r d ,  t i p  ( p r o j e c t e d ,  2 ~ 4  i n .  o u t b o a r d  o f  
c e n t e r  l i n e )  . . . . . . . . . . . . . . . . .  8 - 2 2  f t  

a i r _ n l a n e  c e n t e r  l i n e ! .  . . . . . . . . . . . .  4 . 1 7  f t  

C h o r d ,  n e m  a e r o d y n a m i . ~  . . . . . . . . . . . .  6 .73 ,  f t  
D i h e d r a l ,  a t  30 p e r c e n t  i inner  o r d i n a t e .  . . . .  4 . 0 '  
I n c i d e n c e ,  with r e s p e c t  t o  t h r u s t  l i n e ,  . . . .  2 .  oo  

. . . . . . . . . . . .  S w e e c b L c k ,  lead i -nf l :  e d g e  4.58' 

S p a n .  . . . . . . . . . . . . . . . . . . . .  1 3 . 0 0  f t  

T ; i F t a r , c e ,  n o r m a l - F : r o s 8 - - ~ r e i ~ ~ t  c e n t e r  q f  
A r e a .  . . . . . . . . . . . . . . . . . . . .  4 0 . 9 9  S ?  f t  

g r a v i t y  t o  o n e - t h i r d  iiaximlim c h o r d  p o i r L t  . . 1 4 . 9 5  f t  

33 mp t :.r 5 7 6 1  lb 
N o r  mal ;?r o s s . . . . . . . . . . . . . . . . .  7 6 2 2  lb 
As f l o w n .  . . . . . . . . . . . . . . . .  17.7C t o  7 4 6 0  It 

. . . . . . . . . . . . . . . . . . . .  

C e n t e r - o f - gr a v  i t 2: p o s i t i o n  s 

0 . 2 8 5  M . A . C .  : . , o r m a 1  gross w e i g h t ,  g e a r  up .  . . .  
As f l o v n .  . . . . . . . . . . . . .  0.28F3 t . o  0.291 M . A . C .  

-7 

E n ,q i n e 

'1 ~ n g i n e / ~ r o p e l l e r  s p e s d  ratio. . . . . . . . . .  2.2S:l 

P r o p e 1 i : : r . .  . . .  
D i a m e t e r .  . . . . . . . . . . . . . . . . . . .  1 1 . 5 8  f t  
;P . ;C-pz. . .  . . . . . .  Xeror,rod1.ic:s t h r e e - b l a i l e  ' n o l l . 0 ~ -  

s t e e l  s e l e c t i v e  a u t o m a t i c  p i t c h  



-7 A- 20-  1 5 6 - 1  7 3 l z3 . e  r i o d e l .  . . . . . . . . . . . . . . . 
i:axirii;.i  i s i t c h  l i i n i t ? , ,  m e z s u r e ?  . . . . . . 2 8 . 7 '  t o  65.3.O 
:~,nxii::um p i t c h  1 iinit F,, n o m i n a l .  . . . . . . 23"  t o  6 3 O  

3 i : - e c t . i o n  o f  r o t a t i o n ,  a s  s ~ e n  b y  y i l o t .  . C l O C X ~  >d ?. . s e 

n -  

C v r v e s  o f  t2-e  wi?.g t i l i c k - n e s s  qnr! e e o m e t r i c  twis t  a s  
meas7Lred on t h e  a i r p l a n e  a r e  shoilrn i n  f i q i r e s  4 a n d  5 .  Tho 
w i n ?  i n c i d e n c e ,  e s D e c i a l l y ,  i s  s e e n  t o  var:r somewhat  f r o %  
t h e  s p e c ; f i . c a t i o n s .  

S t a n d a r d  N A C k  Dhot  o e r a n h i c a l l y  r e c o r d i n ?  i n s t r u n e n t  s 
w e r e  u s e d  t o  m e a s u r e  t h e  f c l l o v f n ~  v 3 r i a b l . e ~  a s  a f i i n c t i o r i  
o f  t i m e :  i n d i c a t , e d  a i r s q e e d ,  D r e s s u r e  a l t i t u c t s ,  ? D n r o x i c a t , e  
a n y l e  o f  at t .acl .1,  n o r m a l  a c c e l e r a t i a n ,  e n s i n e  m a n i f o l d  p r e s -  
s u r e ,  en ; .c ine  s p e e d ,  o r o ~ e l . l e r - b l a d e  ~ ~ n y i e ,  s n d  a i r  p r e s s i r r e  
o v e r  2 w t ? < .  Free-a!.? t e m ? e r a t u r s ,  f o r  12 s e  in a v a . I u n t  i x K  
B e y n o l d s  number  was d e $ e r m i r . e d  f r o r ; :  a n  i n t i i  
t o  a r e s i s t a n c e  b u l b  p r o t r v . d i n q  'Osloi-r  t h e  r! i .,a1 : '7 . i' h 8 

i n s t a l l 3 t i o n  v a s  c a l i b r a t e d  fcrr e r r o r  r1ii.e t c  
r i s e  c a u s e d  b y  a i r  c o m ~ r e s s i o n  a t  t n e  b u l b .  

7 

4 f r c 2 z - s w i v c l i n q  a i r s n e e d  h e a d  W R S  n ( i i  '(3. 0 3  a boom 
aboiii; 4 ' e e t  s.s.'nead o f  t . h e  l e a d i n g  e 2 g e  o f  + r i , T ! _ t  v i  p-; ;it 
a sDa.nwise  s t a t i o n  a b o u t  7 f e e t  i n ' c o R r d  f r o  h e  inri r ~ q  t i p .  
T h e  hea l !  c o n s i s t e d  of  t w o  s e p a r a t e  s t a t i c - p r a s s u  r e  t u b e s  
(for s e p a r a t e  c o n n e c t i o n s  t o  t h e  a i r s n e e d  r , r d s r  p-xd c 2 l t i -  
t u i i e  r e c o r d e r )  wit,% a si: iKle t o t a l - n r e s s i ? . r F :  +:!k:e bnt , i . reen 
t h e m .  ?! . :e  a i r s p e z c !  a n d  a l t , i t u ? . e  r e c o r d e r s  w e r e  r ~ o l : ~ n t e d  i n  
t!,e w i n g  a t  t . k e  ' case  o f  t h e  boom. C a l i b r a t i o : ~  i n d i c a t e d  
t h a t  t h e  1r:g f.n t h i s  s y s t e m  was n e g l i e i b l e .  

m ?  & n e  r e c o r 6 . i n g  a n d  s e r v i c e  s t a t i c  h o a d s  w e r e  c a l i b r a t e d  
f o r  p o s i t i o n  e r r o r  b v  coxipar in:  t h e  r e a c i i n g s  o f  t h e  r e s l l e c -  
t i v e  altlnaters w i t h  t h e  known p r e s s u r e  a . l t i t r : I e  a s  t h e  a i r -  
p l a n e  was f l o v n  a t  s e v e r a l  s p e e d s  past, a r e f e r e n c e  h e i g i i t .  
I t  w a s  z s s u r r i e d  t h a t  t h e  t o t a l  p r e s s u r e  was measlured c o r r e c t 1 : y .  
The  s e r v i c e  s y s t e r r : ' ~  a i r s p s e d  e r r o r  s o  d e t e r x i n e d  i s  s!=own i n  
f i g u r e  6 .  C a l i b r a t i o n  o f  t 5 e  r e c o r d i n g  head i n  t h e  A m e s  1 6 -  
f o o t  wir,d t u n n c l  snowed t h a t  t h e  e r r o r  i n  r e c o r d e d  a i r s n e e d  
d u e  t o  t h c  d i f f e r e n c e  i n  Mach n u n 3 c r  b e t w e e n  t h e  h i g h e s t  
v a l u e  c i j t a i r , e d  i n  t h e  f l - i g h t  c a l i b r a t i o n  ( 0 . 5 0 )  a n d  t h e  h i g h -  
e s t  v a l u e  o b t a i r , e d  i n  t h e  f l i p h t  t e s t s  (0.801 was less t h a n  
1 n e r c e n t .  
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I n d i c a t e d  a i r s p e e d  a s  n s e d  i n  t h i s  re-Dort ifiras c o m u t e i !  
a c c o r d i n g  $ 0  t h e  f o r m u l a  by which  s t a n d a r d  a i r s o e e d  m e t e r s  
a r e  c r a d u a t e c ?  ( g i v e s  t r u e  a i r s n e e d  a t  s t a n d a r d  s e a - l e v e l  con-  
c ? i t i o r , s ) .  The  f o r r n u l a  may b e  w r i t t e n  a s  f q l l o w s :  

wh e r  e 

V i  c o r r e c t  i n d i c a t e d  a i r s a e e d ,  m i l e s  p e r  h o u r  

E f r e e - s t r e a m  t o t a l  p r e s s u r e  

P f r e e - s t r e a m  s t a t i c  p r e s s u r e  

s t a n d a r d  a t n o s p h e r i c  D r e s s u r e  a t  s e a  l e v e l  PO 

k 6 0 - c e l l  p r e s s u r e  r e c o r d e r  was u s e d  t o  m s a s u r ~ ?  t h e  w i n g  
p r e s s u r e s .  The  r e c o r d e r  was moun ted  i n  t k e  r ca r  s e c t i o n  o f  
tkle f u s e l a g e  b e t w e e n  t h e  o i l  t a n k  a n d  t h e  bage;aqe c o m p a r t m e n t .  
T h e  p r e s s u r e s  w e r e  m e a s u r e d  a t  f l u s h  o r i f i c e s  a t  t h a  l o c a t i o n s  
l i s t s 2  i n  t a b l e  I a n d  shown i n  f i g u r e  7 .  The A i f f e r G n c e ,  
s h o w n  i n  t a b l e  I ,  b s t w e e n  t h e  m e a s u r e d  l e a d i n g - e d g e  r a d i u s  o f  
t h e  :* , izg s e c t i o n s  a n d  t h a t .  s p e c i f i e d  f o r  t h e  n a r t ' i c u l a r  t h i c k -  
n e s s  r a t i o  s h o u l d  be n o t e d .  An a t t , e n g t  w a s  made t o  l o c a t e  a l l  
u p p e r  - s u r  f a c  e o r  i f i c e s d i r  e c t lp a b  ov e t h e  i r  1 o jce r  - s u r f  a c e 
c o u n t e r p a r t s ,  s o  t h a t  a c c u r a t e  r e s u l t a n t  p r e s s u r e s  ( t v L e  a l g c -  
' o r a i c  d i f f e r e n c e  o f  t h e  D r e s s u r e s  att t h e  t .oo a n d  b o t t o m  s u r -  
f a c e s )  a t  e a c h  o r i f i c e  s t a t i o n  c o u l d  b e  m e a s u r e d .  i n t e r f e r -  
e n c e  o f  s t r u - c t u r a l  d e t a i l s  D r e v e n t e d  c c : r : n l e t e  a t t a i n m e n t  o f  
t h i s  c o n d i t i o n  i n  some  i n s t a n c e s .  I t  i s  b e l i e v e d  t h a t  t h e  
r e s u l t i n g  e r r o r s ,  h o w e v e r ,  were  n o t  l a r g e  e n o a c h  t o  a f f e c t  ap-  
p r e c i a b l y  t h e  f i n a l  r e s u l t s  o f  t h e  i n v e s t i g a t i o n .  M o s t  o f  t h e  
t u b i n g  c o n n e c t i n g  t h e  o r i f i c e s  w i t h  t h e  P r e s s u r e  r e c o r d e r  w a s  
3 / 64 - i r, c h -  i n s i  8. e - d i nrne t e r a l u m i  num t 13. b i n g  o r  3 / 16 - i n c h- i n s i d e  - 
d i a m e t e r  r u b b e r  t u b i n g .  I n  a f e w  I n s t a n c e s ,  s-oace r e s t r i c -  
t i o n s  r e c l u i r e d  t h e  u s e  o f  shor t  l e n q t h s  o f  3 / 3 2 - i n c h - i n s i 1 3 e -  
d i a m o t o r  r u b b e r  t u b i n g .  S p a c e  r e s t r i c t i o n s  a l s o  r e q u i r e d  t h e  
u s e  o f  7 / 6 4 - i n c k - i n . s i d e - d i a m e t e r  r u b b e r  t u b i n s  i n s i d e  t n e  a i -  
l e r o n s .  T h e  n r e s s u r e - l a g  c h a r a c t e r i s t i c s  o f  t v o i c a l  l i n o s  
war  F, i n v a s t i g a t e d  a n d  t h e  l a g  was f o u n d  t o  b e  n e g l i g i b l e  f o r  
t h e  r a t e s  o f  p r e s s u r e  c h a n g e  e n c o u n t e r e d  i n  t h i s  i n v e s t i g a t i o n .  
T h e  l a g  t e s t s  a r e  d i s c u s s e d  i n  t h e  a c p e n d i x .  E e s u l t a . n t  p r e s -  
s u - r e s  w e r e  meas t i r ed  a t  a l l .  s t a t i o n s  e x c e n t  S-1, C - 3 ,  C - 5 ,  
C-10, and F .  A t  t h e  s t a t i o n s  n e n t i o n e d  i n  r o w  C ,  i n d i v i d u a l  
s u r f a c e  n r e s s u r e s  w e r e  n e a s u r e d  w i t h  r e s p e c t  t o  t h e  u n c o r r e c t e d  
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s t a t i c  p r e s s u r e  a t  a v e n t  i n  e a c h  s i d e  o f  t h e  f u s e l a q e  j u s t  
a h e a d  o f  t h e  r e a r  ba .<gage  c c i n p s r t m e n t  d o o r .  ( S e e  f i f ; .  3 . )  
C a l i b r a t i o n  o f  t k e  s t a t i c  v e n t s  i n  t h e  f u s e l a s e  s t o w e d  t h a t  
t h e  max imus  d e p a r t u r e  f r o l ;  f r e z - s t r e a m  s t a t i c  n r e s s u r e  was 
a b o u t  2 p e r c e n t  o f  t h e  d y n a m i c  p r e s s u r e .  S t a t i o n  F was 
m e r e l y  a n  open-end  t u b e  i n s i d e  t h e  w i n g .  Tte i n t e r n a l  s t a t i c  
F r e s s u r e  t h u s  m e a s u r e d  a l s o  was r e f e r r e d  t,o t h e  p r e s s u r e  a t  
t h e  fuselage s t a t  i.c: v e n t  s .  

The  a p p r o x i m a t e  a n g i a  of a t t a c k  sf t h e  s i r p l a n e  W ~ E  meas-  
u r e d  ky a s t a n d a r d  X k C A  y a r r  v a n e  moun ted  h o r i z o n t a l l y  on t h e  
e n d  o f  a b o o u  l o c a t e d  3 . 3  f e e t  a h e a d  o f  t h e  l e a d i n g  e d g e  r f  
t h e  l e f t  v i n g  2nd 6 . 7  f e e t  i n b n a r d  f r o n ;  t h e  wine; t i p .  C o r -  
r e c t i o n s  f o r  upwash a t  t h e  vane a t  v a r i o u s  Mach n u o b e r s  a n d  
f o r  d e f l e c t i o n  o f  t h e  boom w e r e  made.  

T E S T  PBOCGDUR'i! 

I n  o r d e r  t o  c o v e r  t n e  a v a i l a b l e  rar,.ge o f  ' J ~ c ?  a n d  
R e y n o l d s  n u m b e r s ,  t e s t s  w e r e  r i i n  t h r o u e h o u t  ;lie s L e e d  a n d  a i -  
t i t u d e  r a n g e s  a t t a i n a b l e  by t h e  a i r v l a n e ,  a r r !  $ ??ri-:ilerl 1 ~ 9 3 s -  
u r e m e n t s  t a k e n  i n  v e r t i c a l  d i v e s  f r o n :  t h e  a i r p l n r i e ' s  c e i l i n g  
( a b o u t  3 4 , 0 0 0  f t :  a n d  t h e  s u b s e q u e n t  p u l l - o u t s .  

W i t h  o t h e r  c o n d i t i o n s  a p D r o x i m a t e l y  c o n s t 8  , t h e  l i f t  
c o e f f i c i e n t  w a s  v a r i e d  by  g r a d u a l l y  i n c r e a s i x  '1-0 3.378~3.1 a c -  
c e l e r a t i o n  o f  t h e  a i r o l a n e .  T h e  c 'hange i n  e f f e c t i v e  w i n e  

c o n s i d e r e d  sma l l  eno1x':h t o  be  n e c l i q i b l e .  I:i ir-! : . : r > ~ c t , i : i . ?  
t h e  t e s t  r e s u l t s ,  i t  a l s o  s h o u l d  b e  realized t h z t  a c e r t a i n  
amount  o f  u i n q - s k i n  i s r i n k ? . i n g  ( w i t h  i t s  r e s u l t a n t  e f f e c t  on 
t h e  n r e s s u r e  d i s t r i b u t i o n )  a n d  wing  t w i s t i . i : g  v a s  u n a v o i d a b l y  
p r e s e n t  i n  f l i g h t .  P h o t o g r a p h s  i l l u s t r a t i n g  t h e  r e l a t i v e  
amount  o f  w i n g - s k i n  w r i n k l i n g  o b t a i n e d  i n  v a r i o u s  f l i g h t  con-  
d i t i o n s  a r e  shown i n  f i g u r e  8 .  The  g r i d  shown i n  t h e  p h o t o -  
g r a p k s  i s  mai?e u-p o f  s t r a i g h t  w h i t e  l i n e s  p a i n t e d  on t h e  w i n g  
s u r f a c e  j u s t  a h e a d  o f  t h e  i n b o a r d  e n d  o f  t h e  r i g h t  a i l e r o n .  
( S e e  f i g .  2 . )  T h e  c a m e r a  u s e d ,  a s t a n d a r d  1 6 - m i l l i m e t e r ,  12- 
v o l t ,  g u n - s i ~ k t - a i m i n g - p o i n t  c a m e r a ,  w a s  m o u n t e d  i n  t h e  c a n -  
Gpy b e h i n d  t h e  p i l o t ' s  h e a d .  U s i n g  t h e  s l o p e  o f  t , h e  g r i d  
l i n e s  i n  f i s z r e  8 ( a )  a s  a z e r o  r e f e r e n c e ,  t h e  twis t  o f  t h e  
w i n g  a t  t h e  g r i d  s t s t i o n  i n  t h e  s e v e r a l  c o n d i t i o n s  o f  f l i e h t  
r e p r e s e n t e d  i n  f i g u r e  8 was a s  f o l l o w s :  

c a n b e r  i n t r o d u c e d  by t h e  r e s u l t i n g  c u r v e d  fli;;!? PA 1J 8 s 



BACA 

i 
i 
1 

! A c c e l e r a t i o n  F i g u r e  lai;s.;;;d ! Mach 
number number f a c t o r  

I -- 
g ( a )  0 0 1 

g ( c )  s (d )  454 
36 
77 

I a 7 3  
i2: g ( b )  

I 

ARR No. 4 K O g  7 

i i 
1 9 

.- ~ ~.. - 
; I n d i c a €  ea  

T w i s t  
( d e g )  

.4 

. 7  

- 
0 

0 

Power o f f  t e s t s  were  r u n  w i t h  t h e  e n g i n e  f u l l y  t h r o t t l e d  
and t h e  p r o p e l l e r  i n  t h e  h i g h - p i t c h  s e t t i n g .  Power-on t e s t s  
were  r u n  w i t h  power s e t t i n g s  of 39 i n c h e s  o f  mercu ry  m a n i f o l d  
p r e s s u r e  and  2600 rpm up t o  t h e  c r i t i c a l  a l t i t u d e ;  a t  h i g h e r  
a l t i t u d e s  t h e  pokier was s e t  a t  f u l l  t h r o t t l e  w i t h  3000 ypm. 
I n  some of  t h e  d i v e s  f r o m  h i g h  a l t i t u d e s  t h e  l a t t e r  power con- 
t r o l  s e t t i n g s  were  n o t  changed even  though t h e  a i r p l a n e  was 
d i v e d  p a s t  t h e  c r i t i c a l  a l t i t u d e .  Curves showing  t h e  a c t u a l  
v a l u e s  of e n g i n e  s p e e d ,  p r o p e l l e r - b l a d e  a n g l e ,  and b r a k e  
ho r sepower  ( a s  d e t e r m i n e d  b y  r e f e r e n c e  t o  t h e  engine-power 
c h a r t s )  r e s u l t i n g  f r o m  t h e s e  power s e t t i n g s  a r e  shown i n  f i g -  
u r e s  9 ,  1 0 ,  and 11. The a p p a r e n t  b r a k e  horsepower  v a l u e s  
shown f o r  t h e  power-off s e t t i n g  w e r e  o b t a i n e d  b y  e x t r a p o l a t -  
i n g  t h e  eng ineupover  c u r v e s  t o  i n c l u d e  t h e  l o w  v a l u e s  of man- 
i f o l d  p r e s s u r e  n e a s u r e d  d u r i n g  t h e s e  t e s t  r u n s .  

The e f f e c t s  of t h e  v a r y i n g  Tower may n a s k  somewhat t h e  
e f f e c t s  on p r e s s u r e  d i s t r i b u t i o n  o f  t h e  v a r i a t i o n s  i n  Mach 
number, e s p e c i a l l y  a t  t h e  l o w e r  speeds, D u r i n g  t h e  c o u r s e  of 
t h e  t e s t s ,  i t  was found  t h a t  t h e  l a n d i n g  g e a r  v o u l d  n o t  s t a y  
f u l l y  r e t r a c t e d  i n  s t r a i g h t  h igh-speed  f l i g h t ,  a n  a d d i t i o n a l  
p r o t r u s i o n  was c a u s e d  b y  t h e  c e n t r i f u g a l  f o r c e  i n  a c c e l e r a t e d  
f l i g h t ,  t h o  t o t a l  e x t e n s i o n  s o m e t i n e s  e x c e e d i n g  a n  i n c h .  A 
s p e c i a l  l o c k  was t h e n  i n s t a l l e d  wh ich  h e l d  t h e  l a n d i n g  g e a r  
r i g i d l y  i n  t h e  r e t r a c t e d  p o s i t i o n ,  and  r e p e a t  d a t a  were  t a k e n  
oTTer t h e  e n t i r e  Mach number range .  The d a t a  w i t h  whee l s  
l o c k e d ,  however ,  a g r e e d  v i t h  t h o s e  o b t a i n e d  w i t h  whee l s  un- 
l o c k e d .  

RESULTS > J T I )  DISCUSSION 

The r e s u l t s  a r e  d i v i d e d  i n t o  t h r e e  s e p a r a t e  p a r t s  p r e -  
s e n t i n g  (1) t h e  v a r i a t i o n  of  wine l o a d s  and moments w i t h  Mach 
number, ( 2 )  t h e  magn i tude  of t h e  i n t e r n a l  w ing  p r e s s u r e ,  and 
( 3 )  t h e  v a r i a t i o n  of t h e  s l o p e  of  t h e  wing l i f t  c u r v o  w i t h  
Mach number,  The r e s u l t s  a r e  d i s c u s s e d  i n  t h a t  o r d e r .  
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V a r i a t i o n  o f  Win< L o a d s  and Moments  w i t h  Mach Number 

F o r  e a c h  t e s t  r u n ,  t h e  r e s u l t a n t  p r e s s u r e  a s  m e a s n r e d  
a t  e a c h  o r i f i c e  s t a t i o n  was r e d u c e d  t o  c o e f f i c i e n t  f o r m  a n d  
p l o t t e d  a s  a, f u n c t i o n  of t h e  l i f t  c o e f f i c i e n t .  T h e  p o w e r - o n  
c u . r v e s  f o r  o r i f i c e  3-3 a r e  shown i n  f i g u r e  1 2  a s  a n  e x a m p l e .  
T ki e r e su 1 t a n t  -pr  c! s s u r  e c o e f f i c i e n t  i s d e f i n e d a s f o 11 o w  s : 

w h e r e  

PR r e  s u l  t a n t  - p r  e s s u r  e c oe f f i c i  e n t  

p L  p r e s s u r e  on l o w e r  s u r f a c e  

pu u r e s s c r e  on u p p e r  s u r f a c e  

q f r e e -  s t r e am d y n a m i  c pr  e s s u r  e 

The  s i r p l a n e  l i f t  c o e f f i c i e n t  w a s  d e t e r m i n e d  by  n s e  o f  t h e  
r e l a t i o n  

w h e r e  

W a i r p l a n e  w e i g h t  a t  t i m e  o f  t e s t  r u n ,  p c u n d s  

A z  a c c e l e r a t i o n  f a c t o r  ( r e a d i n g  o f  a n  a c c e l e r o m e t e r ,  i n  
t e r m s  o f  u n i t s  o f  t h e  a c c e l e r a t i o n  d u e  t o  g r a v i t y ,  
n o r m a l  t o  t h e  t h r u s t  l i n e )  

q f r e e - s t r e a m  d y n a m i c  p r e s s u r e ,  p o u n d s  p e r  s a u a r e  f o o t  

S t o t a l  w i n g  a r e a ,  i n c l u d i n ?  a r e a  p r o j e c t e d  t h r o u f y h  t h e  
f u P e l a g e ,  2 1 3 . 2 2  s q u a r e  f e e t  

T h e  f o r m u l a  i s  a c t u a l l v  t h a t  f o r  t h e  c o e f f i c i e n t  o f  f o r c e  n o r -  
m a l  t o  t h e  a i r n l a n e  t h r u s t  a x i s .  T h e  e r r o r  i n v o l v e d ,  h o w e v e r ,  
i s  l e s s  t h a n  1 D e r c e n t .  The  )tach n u m b e r s  c o r r e s p o n d i n g  t o  
t h e s e  d a t a  also w e r e   lotted and a r e  s h o w n  i n  f i g u r e  1 3 .  T h e  
p r e s s u r e  c o e f f i c i e n t s  w e r e  t h e n  c r o s s - p l o t t e d ,  as shown i n  
f ! .gure  1 4 ,  a s  a f u n c t i o n  of  Mach nun;ber  f o r  v a l u e s  o f  t h e  
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t o t a l  a i r p l a n e  l i f t  C o e f f i c i e n t  o f  0 . 1 ,  0 , 2 ,  0 . 5 ,  a n d  1,O. 
T h e s e  c r o s s - p l o t t e d .  c u r v e s  were  t h e n  u s e d  t o  d e r i v e  t h e  d a t a  
s u b s e q u e n t l y  p r e s e n t e d .  S x a m i n a t i o n  of  t h e  d a t a  showed n o  
c o n s i s t e n t  v a r i a t i o n  of p r e s s u r e  c o e f f i c i e n t  w i t h  R e y n o l d s  
number  a l o n e  t h a t  e x c e e d e d  t h e  s c a t t e r  o f  t h e  d a t a .  T h e  
R e y n o l d s  n u n b e r  n o t a t i o n s ,  t h e r e f o r e ,  a r e  n o t  shown on t h e  
f i n a l  c u r v e s .  The  X e y n o l d s  number r a n g e  c o v e r e d  i n  t h e  t e s t s  
was frorr!  7 , 0 0 0 , 0 0 0  t o  2 6 , 0 0 0 , 0 0 0 .  

F r o =  t h e  d a t a  i n  f i g z r e  14 a n d  t h e  s i n i l a r  c u r v e s  f o r  
t h e  o t h e r  o r i f i c e s ,  t h e  c h o r d w i s e  a n d  s p a n w i s e  l i f t  d i s t r i b u -  
t i o n s  v e r e  t h e n  ? l o t t e d  f o r  e a c h  0 . 0 2 5  i n c r e m e n t  o f  Mech num- 
b e r  t h r o u g h o u t  t h e  t e s t  r a n g e .  B e c a u s e  o f  t h e  l a r g e  number  
o f  F 1 o t . s  s o  o b t a i n e d ,  o n l y  t h o s e  f o r  e a c h  0 . 1  i n c r e i n e i i t  o f  
Mach n u m b e r ,  p l u s  t h e  h i g h e s t  Mach n u m b e r ,  a r e  shown f o r  e a c h  
o f  t h e  f o u r  v a l u e s  o f  l i f t  c o e f f i c i e n t  u s e d  i n  t h f s  r e p o r t .  
T h e s e  c u r v e s  a r e  shown i n  f i g u r e s  15 a n d  1 6 .  T h e  c o e f f i c i e n t s  
n o t e d  on t h e s e  f i g u r e s ,  a s  o b t a i n e d  by i n t e g r a t i c n  o f  t h e  
p r e s s u r e - d i s t r i b u t i o n  p l o t s ,  a r e  d e f i n e d  a s  f o l l o w s :  

c L t  w i n g - p a n e l  l i f t  c o e f f i c i e n t  ( L ' / q S )  

C" w i n g - p a r i e l  p i t c h i n g - m o m e n t  c o e f f i c i e n t  ( N '  / q S c )  

CB' w i n g - p a n e l  b e n d i n g - m o a e n t  c o e f f i c i e n t  ( B ' / q S b )  

w h e r e  

L' l i f t  on t h e  r i g h t  w i n g  p a n e l ,  p s u n d s  

f7. f r e e - s t r e a m  d y n a n i - c  n r e s s u r e ,  p m n d s  D e r  s q u a r e  f o o t  

S t o t a l  w i n g  a r e a ,  i n c l u 8 i n g  a r e a  3 r o j e c t e d  t h r o u y h  t h e  
f u s e l a g e ,  2 1 3 . 2 2  s q u a r e  f e e t  

M '  p i t c h i n g  monent  o f  t h e  r i g h t  wing p a n e l  a b o u t  t h e  0 . 2 5  
mean a e r o d y n a m i c  c h o r d  g o i n t ,  f o o t - p o u n d s  

C l e n g t h  o f  t h e  mean a e r o d y n a m i c  c h o r d ,  6.7'2 f e e t  

B' b e n d i n g  moment a t  t h e  r o o t  o f  t h e  r i e h t  w i n g  p a n e l  
( 2 2  i n .  o u t b o a r d  o f  t h e  a i r n l a n e  c e n t e r  l i n e ) ,  f o o t -  
p o u n d  s 

b t o t a l  w i n g  s p a n ,  34.0 f e e t  

A s  i n  t h e  c a s e  f o r  t h e  t o t a l  a i r p l a n e ,  t h e  l i f t  i s  a s s u m e d  t o  
b e  s u b s t a n d i a l l y  e q u a l  t o  t h e  n o r m a l  f o r c e .  



T h e  same p h y s i c a l  d i m e n s i o n s  o f  t h e  a i r p l a n e  w e r e  u s e d  
i n  c o x p u t i 3 g  t h e  w i n q - p a n e l  c o e f f i c i e n t s  a s  w o u l d  b e  u s e d  i n  
c o m p u t i r g  t h e  t o t a l  a i r p l a n e  c o e f f i c i e n t s  s o  t h a t  t h e  p r o n o r -  
t i o n  o f  ? n e  t o t a l  l o a d s  c a r r i e d  b y  t h e  w i n 4  p a n e l  wou ld  bt3 
i n r f i e d i a t e l y  a T p a r e n t .  

k c o n s i s t e n t  d e c r e a s e  i n  ? i t c h i n <  moment a t  t h e  8 - f o o t  
s g a n a r i s e  s t a t i o n  b r a s  n o t e d  i n  f i g u r e s  15 a n d  1 6 .  N o  r e a s o n  
f o r  t h i s  i r r e g u l a r i t y  c o u l d  b e  f o u n d .  T h e  s t a t i o n  i s  2 . 3  f e e t  
o u t b o a r d  o f  t h e  t i p  o f  t h e  p r o 7 c l l e r  a r c  a r d  a b o u t  2 f e e t  i n -  
b o a r d  o f  t h e  g u n - b l a s t  t u b c s  2 n d  n i r s p r e d  boom. No u n u s u a l  
i r r e g u l a r i t i e s  i n  t h e  s e c t i o n  a t  t h i s  s t a t i o n  w e r e  a p p a r e n t .  

Owing t o  t h e  r e l a t i v e l y  few o r i f i c e s  u s e d  a l o n g  t h e  c h o r d  
o f  t h e  w i n g ,  t h e  p r e s s u r e  p e a k s  n e a r  t h e  l ea .d in .7  e d g e  c o u l d  
n o t  b e  e s t a b l i s h e d  a c c u r a t e l y  f r o m  t h e  e x p e r i a e n t s l  d a t a  i n  
a l l  c a s e s .  However ,  f o r  t h e  p u r p o s e s  o f  t h e  a n a l y s i s  c a r r i e d  
o u t  i n  t h i s  r e p o r t ,  i t  i s  a p p a r e n t  t h a t  t h e  e r r o r  r e s u l t i n g  
f r o m  f a i l u r e  t o  e s t a b l i s h  l e a d i n g - e d g e  p e a k  p r e s s u r e s  i s  neg -  
l i g i b l e ,  i n a s m u c h  a s  i t  i s  known t h a t  s u c h  p e a k  p r e s s u r e s  ex-  
i s t  o n l y  o v e r  a n  e x c e e d i n g l y  small  p o r t i o n  o f  t h e  w i n g  c h o r d .  

Summary c u r v e s  s h o w i n g  t h e  v a r i a t i o n  o f  t h e  c o e f f i c i e n t s  
a n d  o f  t h e  l a t e r a l  d i s t a n c e  t o  t h e  c e n t e r  or" p r e s s u r e  w i t h  
Mach number  a r e  p l o t t e d  i n  f i g u r e s  1 7  t o  20 .  ( T h e  l a t e r a l  
d i s t a n c e  d f r o m  t h e  wing-Dane1 r o o t  t o  t h e  c e n t e r  o f  p r e s -  
s u r e  w a s  d e t e r m i n e d  by  u s e  o f  t h e  r e l a t i o n  d = b C ~ ' / C 1 , l . )  
T h e  c u r v e s  w e r e  f a i r e d  f r o r i  t h e  i n t e g r a t i o n  5f t k - e  d i s t r i b u -  
t i o n s  p l o t t e d  f o r  e a c h  0 . 0 2 5  i n c r e m e n t  o f  M%cb. c u m b e r .  T h e  
p o i n t s  s o  o b t a i n e d  a r e  sho*.rn o n  t h e  c i i r v e s ,  c o n t r a r y  t o  t h e  
u s u a l  p r a c t i c e  v i t h  O e r i v e d  d a t a ,  i n  o r d e r  t o  s h o w  t l l e  e x p e r -  
i m e n t a l  s c a t t e r  o f  t h e  d a t a .  On ly  t h e  d i s t r i b u t i o n s  f o r  e a c h  
0 . 1  i n c r e m e n t  o f  Mach number a r e  shown i n  t h i s  r e n o r t ,  T h e  
r e s u l t s  a r e  d i s c u s s e d  i n  t h e  s u b s e q u e n t  p a r a g r a p h s .  T h e  
t e r m s  " c r i t i c a l  Mach number"  and  "Mach number  o f  d i v e r r e n c e Y t 1  
a s  u s e d  i n  t h e  d - i s c n s s i o n ,  a r e  d e f i n e d  a s  f o l l o w s :  

1. C r i t i c a l  Mach number :  T k e  f l i g h t  Mach number a t  
w h i c h  s o n i c  v e l o c i t y  i s  r e a c h e d  l o c a l l y  i n  t h e  
a i r  f l o w  o v e r  t h e  wing  

2 .  Mach number o f  d i v e r g e n c e :  The  f l i g h t  Mach number  
a t  w h i c h  t h e  v a r i a t i o n  o f  a n  a i r p l a n e  o r  w i n g  
c h a r a c t e r i s t i c  w i t h  Mach number s t a r t s  t o  d i v e r g e  
f r o 3  i t s  l o w - s p e e d  t r e n d  

I n  t h e  d i s c u s s i o n ,  t h e  r e s u l t s  will s o m e t i m e s  b e  a n a l y z e d  
i n  t h e  l i g h t  o f  t h e  r e l s t i o n  b e t w e e n  t h e  c r i t i c a l  Mach c u m b e r s  
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o f  t h e  r o o t  a n d  t i p  w i n g  s e c t i o n s ,  c a l c u l a t e d  v a l u e s  o f  w:h:,ch 
a r e  skown i n  f i c j u r e  2 1 .  T h i s  f i , y u r e  shows  t h e  i n h e r e n t l y  
p o o r  k i - k - s ~ e e d  o u a l i t i e s  o f  t t i e  N X C A  2 3 0 0 0 - s e r i e s  a i r f o i l s ,  
s i r i c e ,  at, l i f t .  c o e f f i c i e n t s  belay C.15, t h e  1 5 - p e r c s n t - t h i c k  
s g n m e t r i  c s l  a i r f o i l  a c t u a l l y  h a s  a h i g h e r  c r i t i c a l  !rackL nun-  
b e r  t h a n  t h e  muc!i t h i n n e r  IJACA 2 3 0 0 9  a i r f o i l .  

- '.?iW:nanel 1 I f t  c o e f f i c i e n t . -  The  r i g h t  w i n g  p a n e l  coiii- 
p r i s e s  a b o u t  4 3  p e r c e n t  o f  t h e  t o t a l  w i n g  a r s a ,  w h i c h  i n -  
c 1 u d . e ~  t h e  s e c t i o r ,  m r o j e c t e d  t h r o i i g h  t h e  f u s e l a g e  by  F t : . r a l l e l  
l i n e s  c o n n e c t i n g  t h e  e n d s  o f  t h e  r o o t  c h o r d s .  F i g u r e  1 7  
shows  t h s t  t h e  l o a d  c 2 r r i e d  by t h e  r i g h t  w i n g  p a n e l  i s  g e n e r -  
a l l y  much l e s s  t h a n  4 3  p e r c e n t  o f '  t h e  t o t a l  l c a d ,  e x c e e d i n g  
t h i s  v a l u e  o n l y  a t  CL = 0 . 1  w i t h  poiwer o f f  a t  l o w  s n d  no?- 
e r a t e  v a l u e s  o f  Hac11 number ,  and a t  CL = 0 . 5  w l t h  power  on 
and  o f f  a t  m o d e r a t e  v a l u e s  o f  Mach nurnber .  T h e  r e m a i n d e r  o f  
t h e  l i f t  i s ,  o f  c o u r s e ,  c a r r i e d  n o t  O n l y  b y  t h e  o p p o s i t e  w i n g  
and i1rJsl.g c e c t e r  s e c t i o z i ,  b n t  by  t h e  n r o p e l l e r ,  t a i l ,  a n d  fu- 
s e l a z e  as w e l l .  

W i t h  power  o f f ,  t h e  wing- ;pane l  l i f t  c o e f f i c i e n t  q r a d u -  
a l l y  i n c r e a s e s  a s  t h e  Yach number  i n c r e a s e s  t o  n o f i e r a t e  val- 
u e s ,  a n d  t h e n  g r a d u a l l y  d e c r e a s e s .  The  v a r i a t i o n  o f  t h e  
w i n g - p a n e l  l i f t  c o e f f i c i e n t  w i t h  Hzch  numbar  wou3.d be  e x -  
p e c t e d  t o  d e p e n d  on t h e  r e l a t i o n  b e t w e e n  t h e  e f f e c t s  o f  Mach 
number  on t h e  l i f t  c h a r a c t e r j . s t ? c s  o f  t , h e  w i n g  ;?nd t h e  e f -  
f e c t s  o f  Mach number  on t h e  o t h e r  l i f t i n g  c o m p o n e n t s  of  t .he  
a i r p l a n e .  T h e  l a t t e r  e f f e c t s  a r e  ~ . o t  e a s i 1 . y  ? r e C ? c t , e d ,  a n d  
no  d e t a i l e d  a n a l y s i s  i s  a t t e n p t e d  h e r e .  I t  i s  a n p a r e n t ,  how- 
e v e r ,  t h a t  t h e  r e l a t i v e  e f f e c t i v e n e s s  o f  t - e s e  o t ? ( e r  cijjnpo- 
: i e n t s  i n c r e a s e s  at t h e  hi.,.;her Mcch n u m b e r s .  

I n  g e n e r a l :  + ,he  power  a f f e c t s  t h e  r i . w ~ ~ . - i , ~ ~ ~ ~ ~ - p a ~ ~ ~ .  l i f t  
c o e f f i - c i e n t  a s  iaoi i . ld  b e  e x p e c t e d  ( i  . e . ,  t h e  e n g i n e  t o r a u e  
t e n d s  t o  r o l l  t h e  a i r o l a n e  t . o  t h e  l e f t ,  and b a l a n c e ,  t h e n ,  
d i c O a t e s  a l o w e r  l i f t  c o e f f i c i e n t  f o r  t h e  r i g h t ,  t h a n  f o r  t h e  
l e f t  w i n g ) .  It, w o u l d  s l s o  b e  e x n e c t e d  t k 2 . t .  t h e  6 i f f e r e n c 6  
b e t w e e n  p o v n r - o n  a n d  Dower -o f f  dat ,a wou ld  t i e c r e a s e  w i t h  s p e e d ;  
t h i s  e f f e c t ,  h o w e v e r ,  i s  s e e n  t o  h o l d  e n t i r e 1 . y  t r u e  on1.y a t  
t h e  l o w e s t  l i f t  c o e f f i c i e n t .  A t  l i f t   coefficient,^ of  0 . 1  a n d  
0 . 2  i t  i s  s e e n  t h a t  t h e  win:;-panel l i f t  C o e f f i c i e n t  r e q , u i r e d  
w i t h  3 o w e r  on e x c e e d s  t h a t  r e q : z i r e d  wi t . h  Dower o f f  f o r  Mach 
n u z b e r s  g r e a t e r  t.i-~an 0 . 7 0  a n d  0 . 7 4 ,  r z s p e c t i v e l y .  I t  i s  p o s -  
s i b l e  t h a t  t h i s  e f f e c t ,  mag b e  c : iused  by  d e c r e a s e d  l i f t i n g  
e f f e c t i v e n e s s  o f  t h e  p r o p e l l e r ,  t h e  h i g h e r  r o t a t i o n a l  s p e e d  
w i t h  p o w e r  on z e s u l t i n g  i n  s h o c k  l o s s e s  Dver  a l a r g e  p o r t i o n  
o f  t h e  b l a d e s .  xt, t h e  h i < ; h e e t  l i f t  c o e f f i c i e n t  c o n s i - d e r e d  
(CL = l . O > ,  t h e  r e l a C , i v e l r  l a r g e  d e c r s a s e  i n  t h a  w i n g - p a n e l  
lift. c o e f f i c i e n t .  r e n , - i y ~ , g ~  ~?!it.h - p ~ p r p _ p  ny? m a y  i p - I j r r t . ~  a. r g . t , h . s ~  
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h i s k  l i f t i r _ g  e f f e c t i v e n e s s  o f  t l i e  p i t c h e d  p r o p e l l e r  a t  m o i e r -  
a t e  vs;, e s  o f  Mzck, n u m b e r .  

__ W i n ~ - - . n : ~ i ~ e l  . __ . .- - .. bendin?:-g.Qrnent c ~ e ~ ~ i ~ i . ~ ~ . -  The  c u r v e s  o f  
w i n g - p n n s l  becdin ,g-mo:>ent  c o e f f i c i e n t  ( f i g .  1 8 )  b e a r  B m a r k e d  
s i m i l : ; . r i t , y  i n  sh:;.pe t o  t h e  c G r v a s  o f  w i n g - p s n e l  1 . i f t  c o e f f i -  
c i e n t ,  C:~,t?yast  i?;g t h a t  c k s n s e s  i n  t , h e  w i n g - p a n e l  b e n d i n g -  
monen+, c o e f f i c i e n t  were. d u a  m o r e  t o  a c t u a l  chan;y.es i n  t h e  
nag;nitur!e o f  t h e  1.0213 c a r r i e d  b y  t h e  v i r !g  r a t h e r  t h a n  t o  a 
l a t e r a l .  s h i f t  o f  t h e  p o s i t i o n  of t h e  c e ~ t e r  of  p r e s s u r e ,  I n  
f a c t ,  f ? -s  precedi .nE:  d i s c n s s i o n  c o n c e r n i n g  t h e  v in , ; -pane l  l i f t  
c c e f f i c l * n t ,  c s n  b e  a p p l i e d  eq-ual.!.y w e l ?  t o  ? ,he  d i s c u s s i o n  o f  
t h e  w i n g - p a n e l  b e n d i n g - n o m e n t  c o e f f i c i e n t  . 

5-?:gral  d i  s t a n c e  t o~cx~&ey-..gf - _ n r ~ s . s u r e .  - T:ie c u r v e s  o f  f i+ ; -  
;Ire 19 s-!: .~w t h a t ,  f o r  p o w e r - o f f  c o a d i t i c n s ,  t h e  l a t e r a l  d i s -  
t a n c e  f r o s  +.he w i n g  r o o t ,  t o  t h e  c e n t e r  o f  p r e s s u r e  v a r i e d  v e r y  
l i t t l e  w i t h  Mach num‘o2r. The  g r e a t e s t  movexen t  o c c u r r e d .  a t  a 
l i f t  c o e f f i c i e n t  o f  0 . 1  w h e r e  t l i e  c e n t e r  o f  n r s s s u r e ,  w h i l e  
t e n d i n g  t o  EoVe i n w a . r d ,  v a r i e d  i r r e y u ’ a r l - y  1 v e r  2 d i s t a n c e  o f  
l-, f e e t ,  as t h e  Mach nurzber was i n c r e a s e 6  :~?:GI= 0 . 3  t o  0.7’8. 
At.  a l i f t  c c e f f i c i e n t  o f  0 . 2 ,  t h e  l a t e r a l  c e n t e r - c f - p r e s s u r e  
1 o c a t  i c: n r e mnined. e s s e n t  i a!. 12 c 011 F t a n t  o v  ei’ t h e  Mach n n x b e r  
r a n g e  c’ f  0 . 4  t o  0 . 6 2  a n d  t h e r ,  moved i n w a r d  a y p r o x i n a t e l v  0 , 4  
f o o t  a s  t h e  Mach number  ifas f u r t h e r  i n c r e a s e d ,  wi i I . l e  a t  a l i f t  
c o e f f i c i g n t  o f  0 . 5  a n e g 1 , i g i b l e  noveiaont  o f  t h e  c o n t % > r  o f  
p r e s s u r e  f o r  a Mach number  rafige o f  0 - 4  t o  0 . 7  was e x n c r i e n c e d .  
A t  a l i f t  c o e f f i c i e n t  o f  1 . 0 ,  t h e  t r e n d  o f  moveaerzt o f  t h e  
l a t e r a l  c e r i t e r  o f  F r e s s u r e  was o u t w a r d  o v e r  t h e  r a n g e  o f  Nach 
n i imber s  t e s t , e d  ( 0 . 2 5  t o  0 . 6 5 ) .  

1 

A t  t h e  l o w e s t  l i f t  c o e f f i c i e n t ,  t , h e  r n a s o p L  fcr t h e  f a i l -  
u r e  o f  t h e  c e n t e r  o f  p r e s s u r e  t o  mcve ou tward .  a t  k i g h  Kach 
n u m b e r s  may b e  e x D l s i n e d  b y  t h e  f a c t  t h a t  t:.!e r o o t  s e c t i o n :  
NACA 0615, h a s  a h i ~ h e r  c r i t i c a l  Mach number  t h a n  d.oes th:, 
t i p  s e c t i o n ,  N A C B  23009 ( f i g .  2 1 ) .  -4l thol igl . i  t h e  r e l a t i o n  b e -  
t w e e n  t h e  c r i t i c a l  Yach numbers  o f  t h e  t w o  s e c t i o n s  c i ?a .nses  a t  
t h e  h i g h e r  l i f t  c o e f f i c i e n t s ,  t h e  d . i f f e r e n c e  i s  n o t  l a r g e ,  and. 
t h e  failurs rJf :‘ne c e n t e r  o f  p r e s s u r e  t o  e x h i b i t  a mnrked  o u t -  
ward r;..ovt.ment a t  h i g h  v a l u e s  o f  E a c h  number  p r o b a b l y  c a n  b e  
a s c r i b e d  t o  t h i s  f a c t .  I n  a d d i t i o n ,  t .he  small  amount  of  <eo-  
m e t r i c  t w i s t  i n  t h e  w i n g  o f  t h i s  a i r p l a n e  ( a b o u t  -0 .7 ’  f r o ;  
r o o t  t o  tiDj r e s u l t s  i n  a n  a e r o d y n a m i c  t w i s t  o f  a b o u t  0 . 4 0 .  
( T h e  z e r o - l i f t  a n g l e  o f  t h e  M C k  23009 s e c t i o n  i s  a b o u t  -1.1O.) 
T h i s  t w i s t  t e n d s  t o  T n c r e a s e  t h e  l i f t  c o e f f i c i e n t  a n d ,  c o n s e -  
q - u e n t l y ,  l ov re r  t , he  c r i t i c a l  s p e e d  a t  t h e  t i p  a t  values o f  CL 
a b o v e  0 . 2 ,  t h u s  f u r t h e r  i n h i b i t f n g  a n y  t e n d s n c p  of  t h e  c e n t e r  
o f  n r e s s u r e  t , o  move o u t w a r d  a t  h i g h  v a 1 u . e ~  o f  Iilach n u m b e r .  

A p r o p o s a l  h a s  b e e n  made t h a t  all. n i g h - s p e e d  a i r p l a n e  
w i n s s  b e  c o n s t r u c t e d  o f  c o n s t a n t  s e c t i o n  w i t h  c o c s t a n t  p e r -  
c e n t a g e  t h i c k n o s s  a l o n g  t h e  s p a n  i n  o r d e r  t o  e l i m i n a t e  l z t e r a l  
s h i f t s  o f  t h e  c e n t e r  o f  p r e s s u r e  a t  h i g h  Mach nv-mbers .  T h e  
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r e s u l t .  p r e s e n t e d  h e r e i n  s k o w  t h a t  s u c h  a r e a u i r e m e n t  w o u l d  
71 nr, e c 9 s s a r i  1 y r e  s t  r i c t d e s i  crier s , a s o n l y  i n  s i  g n i  f i c a n t  1 a t -  
er?l s h i f t s  o f  t h e  c e n t e r  o f  p r e s s u r e  o c c u r r e d  on a w i n g  w i t h  
, : r e a t l y  d i f f e r i n g  s e c t i o n  s h a p e  a n d  t L i c k n e s s  a t  r o o t  a n d  
t i p .  A more  l o g i c a l  a n d  less r e s t r i c t i n g  r e q u i r e m e n t  n e e d  
s ~ o c t f j r  o n l y  t h a t  t h e  c r i t i c a l  Mach n u n b e r  b e  m a i n t a i n e d  
r e a s n r , a b l ; r  c o n s t a n t  a l o n q  t h e  s p a n .  

The  s h i f t  b e t w e e n  t L e  power-on  a n d  g o w e r - o f f  c u r v e s  of  
f i g u r e  1 9  f o r  t h e  l t f t  c o 2 f f i c i e n t  of  0 . 1  i s  i n  t h e  d i r e c t i c n  
t h a t  v o u l d  b e  e x p e c t e d  f r o n  t h e  d i r o c t i o n  o f  - p r o p e l l e r  r o t a -  
t i o n ;  t h e  d i f f e r e n c e  d e c r e a s e s  w i t h  i n c r e a s e  o f  s p e a d  a s  
w o u l d  a l s o  b e  e x p e c t e d . .  T h e  r e a s o n  f o r  t h e  l a c k  o f  a s i m i -  
l a r  e f f e c t  o f  power  a t  h i q L e r  v a l u e s  o f  l i f t  c o e f f i c i e n t  i s  
n o t  u n d e r  s t o o d  . 

V i  n E-panel - .  p i  t ch i s -232c ;e  n t  c o e f f i c i  i3n t . - A s w a s  e x p  e c t ed  , 
t h e  w i n g - p a n e l  p i t c h i n g - m o r e n t  c o e f f j c i e n t  c h a n g e d  s h a r p l y  i n  
a n e g a t i v e  d i r e c t i o n  E t  high v a l u e s  o f  Mach number  (fig. 2 0 ) .  
T h e  v a l u e  o f  t h i s  Mach number o f  momr~nt i d v e r g c n c s  I . r i 1 1  be 
c o r n ~ s r e d  w i t h  t h e  c r i t i c a l  Mach number  i n  a i a t e r  s e c t i o n  o f  
t h e  r e p o r t .  The  c h a n g e  i n  wing  p i t c h i n y - m c m e n t  c o e f f i c i e n t  
r e q u i r e s  i n c r o a s e d  downward t a i l  1 o : i d s  f o r  b a l a n c e  a t  h i g h  
v a l u e s  o f  Mach n u m b e r .  The  m a g n i t u d e  o f  t h e  pitch in^-moment- 
c o e f f i c i e n t  c h a n g e ,  h o w e v e r ,  ifi n o t  t o o  s e r i o u s .  

I n t e r nn.1 Wing P r  e s s u r  e 

Tn o r C e r  t o  d e t e r n i n e  t h e  a c t u a l  a i r  loads a c r o s s  ti-); 
win,: s k I n ,  a knoirrler!~:e c f  t h e  iArj ng  i r t e r n a l  c r " s s ' i rn  i s  n e c -  
e s s a r y ,  a s  w e l l  a s  o f  t h e  e x t e r n a l  n r e s s u r e  d i s t r i b i - t i o n .  
The p r e s s u r e  f n s l d e  t h e  r i & t  w i n g  o f  t h e  P-393T-1 a i r p l a n e  
was m e a s i i r e d  by r e c o r d i n , :  t h e  d i f f e r e n c e  i n  D r e s s u r e  b e t w e e n  
t h e  o p e n  e n d  o f  a t u b e  i n a i d e  t h e  wd.ny a t  e t a t j o n  F ( f i g .  
7 ( a ! )  a n d  t h e  f u s e l a k ; e  s t a t i c  v e n t s .  S t n t i o n  F i s  c o n q i d -  
e r e d  r e g r e s e n t a t i v e :  a s  t h e  i n t e r i o r  o f  t h e  w i n g  i s  wel-1 
v e n t c d .  ? h e  i n t e r n 2 1  w i n ?  D r e s s u r e  c o e f f i c i e n t  

W Z  s s r ra l l  and  , i ind-er n o s t  

n a g a t i v e  ( f i g .  2 2 ) .  

A i r p 1. ti r i  A L i f t - C 11 r v e S i o p e 

c o n d i t ,  i o n s ,  

T h e  s l o p e  of  t h e  a i r - p l a n e  l i f t  c u r v e  d C L / d n  t . k , e o r e t i -  
c a l l y  i n c r e a s e s  witli Nacli number .  A t  a c e r t a i n  Mach n u m b e r ,  
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a t  o r  s o x e w h a t  a b o v e  t h e  c r i t i c a l  v a l u e ,  t h e  f l o v  c o n c ? i t i o n s  
c h a n g e ,  i n v a l - i d a t i n g  :he  t h e o r y ,  a n d  th . e  1 . i f t - c u r v e  s l o p e  d e -  
c r e a s e s .  T h e  l i f t - c u r v e  s l o p e  o f  t h e  l?-33 a i r p l a n e  w a s  d e t e r -  
z i c e d  f r o x :  f l i g h t  d a t a  by measu r i -ng  t h e  s l o p e  o f  t h e  c v r v e  o f  
CL p l o t t e d  a g a i n s t  t h e  an9I .e  o f  a t t a c k  a s  m e a s u r e d  b y  t h e  
a n g l e - o f - a t t a c k  va.ne ( h o r i z o n t a l l y  moun ted  yaw v a n e ) .  T h e  
t . e s t  F o i n t s  w e r e  c o n s i d e r a b l y  s c a t t e r e d  ( f i g .  2 3 ) ;  b u t ,  when 
t .he data w e r e  f a i r e d  ar_d c o r r e c t e d  f o r  u .pwash a t  t h e  v a n e  a n d  
f o r  d . o f 1 e c t i . c n  o f  t h e  b o o m  i n  a c c e l e r a t e d  f l i g h t ,  r e a s o n a b l e  
a g r e o r n e n t  w j . t h  t h e c r y  W R S  o b t a i n e d ,  % s p e c i a l l y  at. t h e  l o w e r  
Mach n u m b e r s  a n d  h i < h e r  l i f t  c o e f f i c i e n t s .  T h e  p o o r e r  a g r e e -  
ment  o f  t h e  f a i r e d  t e s t  d a t a  w i t h  t h e o r y  a t  h i g h  Mach number  
a n d  l o w  l i f t  c o e f f i c i e n t  i s  i n  t h e  r e g i o n  w h e r e  t h e  c o r r e c -  
t i o n s  d u e  t o  boom c t e f l e c t i o r :  a r e  l a r g e .  I t  j . s  q u i t e  - r ,oss ib l .e  
t h a t  t h e  b o o m - d e f l e c t i o n  c o r r e c t i o n  a p p l i e d  was somewhat  -in 
e r r o r  i t s e l f ,  a s  t h e  boom h a d  t v o  d e g r e e s  o f  s t i f f n e s s ,  d e -  
p e n d i n g  on t h e  n o r m a l  a c c e l e r a t i o n ,  rtnd., i n  a . d d i t i o n ,  n o  c o r -  
r e c t i o n  vas  a t t e m p t e d  f o r  t h e  f i e f l e c t i o r ,  c a u s e d .  b y  t h e  a i r  
f o r c e s  on  t h e  b o o m  a n d  h e a d .  T h e s e  a i r  f o r c e s  wc111d b e  a n p r e -  
c i a b l c  a t  h i g h  s p e e d s ,  a n d  w o u l d  a . c t  i n  ti-;; i 7 i r ~ : c t i o n .  t o  
c a u s e  b e t t e r  a g r e e m e n t  w i t h  t h e  t h . e o r y  i f  t h e  d a t a  w e r e  c o r -  
r e c t e d  f o r  t h e i r  e f f e c t .  I t  i s  s t r o n g l y  r e c o m a e n d e d  t h a t  
f u t u r e  x e n s n r e m e n t s  o f  a.ng3-e o f  a t t a c k  nac3.e b!r t h i s  !net!hod b e  
d o n e  w i t h  a v e r y  r i g i d  booin. 

T x c e D t  a t  a CL o f  1 . 0 ,  t n e  s c a t t e r  o f  t h e  d a t a  d o e s  
n o t  pe r r l l i t  a s c e r t a i n i n g  w h e t h e r  o r  n o t  t h e  Itacll r,umber c f  
l i f t  c ? i v e r p ; e n c e  was r e a c h e 3 ;  a l t h o u g h  a t  a l i f t  c o e f f i c i e n t  
o f  0 . 2 ,  t h e r e  a n D e a r s  t o  be  a fairly r l e f i n ’ t c  i n c ? i c a + i o n  o f  
d i v e r ‘ p s n c e  a t  a Mach number of a72out 0 . 7 2 .  At,  :i. l i f t  c o e f -  
f i c i e n t  o f  1 . 0 ,  t h e  l i f t - c u r v e  s l o m a  i i v t : r , < e s  at 6 Zlach nun-  
b a r  o f  0 . 5 ,  r e a c h i n g  a v s i i i e  of o n l y  O,G1:! a t  n F a c h  niimber 
o f  0 . 6 7 .  A t  a Msch ncrnb2r o f  0 . 3 ,  dCL/dn w i t h  mover on 
a v e r a p e s  a b o u t  0 . 0 1  h i r h e r  t h a n  t h e  n o w e r - o f f  vq . lue .  A t  
h i c h e r  v c i l u e s  o f  Mach numbzr t h e  d i f f e r e n c c ,  i f  a n y ,  i s  
Iii.as’<ec? b y  t h e  e x p c r i a e n t  a1 s c a t t e r  . 

I t  i s  i n t e r e s t i n ?  t o  compare  t h e  Mac11 num‘uer o f  l i f t  a i -  
v e r q e n c e  ( i ’ i y .  2 5 )  w i t h  t h c t  of moment d i v e r g e n c e  ( f j . g .  2 0 )  
a n d  w i t h  t h e  t h e o r e t i c a l  v a l u e  o f  t h e  c r i t i c a l  P a c h  nu r rbe r  
f o r  t h e  w i n g .  ”-is cornpay i son  i s  f a c i l i t a t e d  by t h e  f o l l o w -  
i n g .  t a b l e :  



% o  d e f i n i . t e  i n d i c a t i o n  o f  d i v e r g e n c e  up t o  t h e  Mach nnm- 
b e r  s h c ~ n .  

I t  i s  i n m e d i a t e l y  ap2arent t h a t  t h e  a t t e i n m e n t  o f  t h e  
c r i t i c a l  Mach number 8 o e s  n o t  p r e s c r i b e  i rn inef i ia te  chanc ,es  ir, 
t h e  t r e n d s  o f  t h e  a i r n l a n e ' s  c n 9 r a c t e r i s t i c s .  K o t  only 4 o e s  
t i - e  Xach number  o f  mor.:ent ? i v e r g e n c e  e x c e e d  the c r i t i c a l .  XJlach 
n u m b e r ,  b n t ,  e x c e p t  a t  t h e  h i g h e s t  -i i f t  c o e f f i c i e n t ,  ' h e  Mach 
nur;,ber o f  l i f t  d i v e r . ; e c c e  k x c e e d s  t h a t  o f  :?on?ent, d i v e r g e n e e .  

The f o l l o w i n g  c o n c l v s i c n s  a r e  d r a w n  fr;r t h e  d a t a  ? r e -  
s e n t  e d  L e r e i n :  

1. k c o c ~ i d e r a b l e  ~ o r t i c n  o f  t h e  T.?eiq:it cf t i l e  a i r y l a n e  
i s  c s r r i e d  by c o ~ n o n e n t s  o t h e r  thc,n t h e  v in , - ; s .  The  o r ~ p o r t i o n  
o f  l i f t  c a r r i e d  b y  t h e  win:s rnaJ v a r y  c o n s i d e r a b 1 . y  w i t h  Mach 
n u n b e r ,  tii-ls chanq in - ;  t i - e  ' uend in -  z -oxent  a t  t h e  wjr,g r o o t  
v h e t h a r  o r  n 2 t  t h o r e  ' i c  a s l - i f t  in t h e  l a t z r s l  ? o s i t i o r .  c f  
t h e  c e r t e r  o f  ? r e s s u r e .  

2 T h e  c e n t s s  o f  n r e s s u r e  3n t h e  win,;s i o e s  n c t  n e c e s -  
s a r i l y  n o 7 e  D G t w a r d  a: k i g n  E a c h  c u n . b e r s ,  ever .  t h o c g h  t h e  
w i n g - t h i c k n s s s  r a t i o  d e c r e a q e s  5 o w P r d  t b e  f i n .  iY,e i m p o r t a n t  
f a c t o r  t o  c o n s i d e r  i s  +Lie v 3 r i a t i o n  o f  c r i t i c a l  Mach number  
a l o n y  r h e  sDan .  TrLe s 7 a n w i s e  v a r i a t i 9 n s  o f  w i x g  s e c t i c n  and 
t a r i s t  a r e  . z r t d i t i o n a l  n r i r l ; a r y  f a c : o r s  w ' r ich  may be a d j u s t e d  t o  
c o n t r o l  t h e  v a r i a t i o n  o f  t h e  l a t e r a l  D c s i t i c n  o f  t h e  c e r - t e r  
o f  p r e s s u r e  Ttrith Mach n u m b e r .  I t  i s  s e e n  t h a t  t h e  e x t r e m e  
e x p e d i e r t  sf specify in^ c g n s t a 2 ~  s e c t j . 0 ~  a n d  p e r c e n t a ~ e  t h i c k -  
n e s s  a l o n g  t h e  s ~ ~ n  i s  u n n e c e s s a r y .  

-. 

3 .  T h e  w i n <  ~ i t c h i r e - a o m e n ~  c o e f f i c i e n t  i n c r e a s e s  s h a r p l y  
i n  a n e e a t i v e  d i r e c t i o n  a t  a c e r t e i n  v a l u e  of Yach q u z b e r ;  
t h i s  v a l u e  ? o e s  a o t  n e c e s s a r i l y  c o r r t : s n o n d  t o  t h e  c r i t i c a l  
Mach n u m b e r ,  b u t  may be  c o n s i d e r a b l y  h i s h e r .  The m a q n i t u d e  
c f  the c h a n c e  e n c c u n t e r e d  on t h e  P-39U-1 a i r p l a n e  i s  n o t  t o r  
s e r i o i i s : .  



4" T h e  gressure i n s i d e  t h e  w i n g  o f  t h e  P-35N-1 a i r p l a n e  
r e l a t i v ' 3  t o  t h e  s t r e a r ,  s t a t i c  n r e s s u r e  v a r i e s  somewhat  ~ i t h  
c h a n g e s  i n  t h e  c o n d i t i o n  o f  f l i K h t ,  b e i n g  f o r  t h s  m o s t  aart 
n e , y a t , i v e .  The  ? r e a t e s t  c i e p a r t i i r e  o c c ~ r s  a t  l o w  v a l u c s  o f  
l i f t  c o e f f i c i ? n t  a n d  hien v a l u a s  o f  Mach nurab3r ;  a t  :% l i f t  
c o e f f i c i c n t  o f  0 . 1  x n d  a 3lach nnrcber o f  0 . 7 9  t h e  i n t e r n a l  
w i n ;  3 r e s s u r e  i s  a s  iauch as 0 . 4 q  l o w e r  ti1a.n t h e  f r e e - s t r e a m  
s t a t i . c  p r e s c u r e .  

5 .  Iil t h e  n o r m c i l  s p e e d  r a n g e ,  t h e  l i f t - c ' . ~ r v e  s l o p e  i n -  
c r e a s e s  w i t h  Wach number a s  - p r e d i c t e d  by t h e o r y ;  t h e  t e n d e n c y  
may p e r s l  s+. t o  va l i . i ee  o f  ?lack; nur rber  s u b s t a n t i a l l y  a b o v e  t h e  
c r i t i c a l  v a l n e  b e f o r e  a r c v e r s a ? .  i n  t r e n d  beccimes a p p a r e n t .  

Ames A e r o n a u t i c a l  L a b o r a t o r y ,  
N a t i o n a l  A d v i s o r y  Commi t t ee  f o r  A e r o n e u t i c s ,  

F l o f f e t t  F i e l d ,  C a l i f .  

APPEBD I X 

S u n n ~  r y 

M c n s u r e i n e n t s  9: la: i n  d u T l i r . a L e s  o f  t y . s i c a 1  v i p g - r j r e s -  
. p u r e  1 inc . s  w e r e  a a d e  i n  o r d e r  t o  d e t e r n i n e  y+he t%er  o r  not ,  a n  
e r r o r  o f  t h i s  t y p e  existed i n  t h e  r e c o r d e i ,  wisp p r e s s u r e s .  
T h e  e r r g r  was f o u n d  t o  be  n e g l i q l b l e  f o r  t h e  c o n d i 5 i o n s  e n -  
c o u n t e r a d  i n  t " l i s  f l i T ' n t  i n v e s t i g a t i o n .  

P r e s s v . r e  L i n e s  T e s t e d  

m L W O  t y o e s  o f  l i n e s  were  t e s t e d ,  h e r e i n a f t e r  d e s i g n a t e d  
as t h e  u i r q  l i i i e  a r i d  t h e  a i l e r o n  l i n e .  k d e s c r i p t i o n  3f e a c h  
t s n e  follows: 

-__- Wince 1 i a e . -  The  w i n g  l i n e  u s e d  was t y p i c a l  of  one  n f  t h e  
s h o r t  l i n e s  e x t e n c i f n g  froji .  a cel .1  or, t h e  p r 2 s s u r e  r e c o r d e r  t o  
a n  o r i f i c e  i n  r o w  A .  The  s e v e r a l  p a r t s  o f  t i l e  l i n e  a r t !  
l i  s t  e d  b e l o w  i n  t h a t  o r d e r :  

1. \ f i n g  o r i f i c e ,  1 / 8 - i n c i ;  i n s i d e  d i a m e t e r ,  a b o u t  i i n c h  
l o n g  
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2. A l u m i n u m  t u b i n g ,  9 / 6 4 - i n c h  i n s i d e  d i a m e t e r ,  1 6  i n c h e s  
I on:? 

3 .  R u b b e r  t u b i n g ,  3 / 1 6 - i n c h  i n s i d e  d i a m e t e r ,  8 i n c h e s  
1 ong  

4 .  I l u m i n u u  t u b i n g ,  9 / 6 4 - i n c h  i n s i d e  d i a m e t e r ,  7 f e e t  
1 onq  

6 .  P r e s s u r e  c e l l ,  v o l u m e  a n p r o x i m a t e l y  1 c u b i c  i n c h  

A i l e r o n  l i n e . -  T h e  a i l e r o n  l i n e  u s e d  was t y p i c a l  o f  o n e  
o f  t h e  l i n e s  e x t e n d i n g  f r o m  a c e l l  on t h e  p r e s s u r e  r e c o r d e r  
t o  an a i l e r o n  o r i f i c e  i n  row 3 .  T h e  s e v e r a l  p a r t s  o f  t h e  
l i n e  ? r e  l i s t e d  b e l o v  i n  t h a t  o r d e r :  

1. A i . l e r o n  o r i f i c e ,  a b o u t  1 - / 1 5 - l n c h  inside ? . l a m e t e r ,  
a b o u t  1 i n c h  l o n g  

2 .  I i u b b e r  tub in ; ; ,  7 / 6 4 - i n c h  i n s i d e  d i a m e t e r ,  1 0  f e e t  
3 i n c h e s  l o n g  

3 .  ALurr,inum t u b i n g ,  9 / 6 4 - i n c h  i n s i d e  d i a m e t e r ,  5 f e e t  
2 i n c h e s  l c n g  

4 .  R u b b e r  t u b i n g ,  3 / 1 6 - i n c h  i n s i d e  d i a m e t e r ,  9 t n c l i e s  
1 o n g  

5 .  Aluminl1.m t u b i n g ,  9/64-inch i n s i d e  d i ? m e t e r ,  7 f e e t  
3 i n c h e s  l o n g  

6 .  X u b b e r  t u b i n K ,  3 / 1 6 - i n c h  i n s i d e  d i a m e t e r ,  15  i n c n e s  
1011g 

'7. P r e s s u r e  c e l l ,  vo lume  a p ? r o x i m a t e l y  1 c u b i c  i n c h  

Mc?thod 

A I s b o r a t o r y  t e s t  s e t u p  was made i n  w h i c h  t h e  p r e s s u r e  
i n  a c h a u b e r  was r s c o r d e d  t h r o u g h  a s h o r t  ( a b o u t  5 i n . )  
d i r e c t  l i n e  s i m u l t a n e o u s l y  w i t h  t h a t  r e c o r d e d  t h r o u g h  a du-  
p l i c a t e  o f  one  o f  t h e  P-3aY-1 p r e s s u r e  l i n e s .  The  p r e s s u r e  
i n  t h e  c h a m b e r  c o u l d  b e  c h a n g e d  v a r i o u s  a m o u n t s  a t  v a r i o u s  
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r a t e s .  A l l  p 2 e s s u r e s  w e r e  m e a s n r e d  by s t a n d a r d  d i a p h r a g m -  
t y n e  n r e s s u r e  c e l l s  t h e  n a t u r a l  f r e q n e n c y  o f  w h i c h  i s  a b o u t  
1C3 c:;cles p e r  s e c o c d .  

R e s u l t s  a n d  D i s c u s s i o n  

A t i n e  h i s % o r y  o f  tv$!.cal  r e s u l t s  i s  shown i n  f i g u r e  2 4 .  
The  t i r e  l a g  i n  r e c o r d - e d  p r e s s u r e  a t  100  p e r c e n t  o f  t h e  f i n a l  
p r e s s u r e  v a s  s o m e t i m e s  c t i f ~ i c u l t  t o  n e a s u r e  ( p o i n t s  a a n d  
b ,  f l P ; .  2 4 ) .  F o r  t h i s  r e a s o n ,  t i n e  lag was d e f i n e d  a s  t h e  
l a g  i n  r e c o r d e d  p r e s s u r e  a t  90  p e r c e n t  o f  t h e  f i n a l  p r e s s u r e  
( p o i n t s  c a n d  d ,  f i g .  2 4 ) .  T h e  d i f f e r e n c e  i n  malximum 
r a t e  o f  chang'e o f  a o ? ) l i e d  a n d  r e c o r d e d  p r e s s u r e s  was also 
m e a s u r e d  on t h c  t i m e  h i s t o r i e s .  

-I. * h e  Linie l a g  a n d  t h e  r a t e - o f - c h a n g e  d i f f e r e n c e  f o r  v a r i -  
ous  r a t e s  o f  n r e s s n r e  c h a r . c e  a r e  sunnmarizec! i n  f i g u r e  25 .  
T h e  a c t i i a l  ti3.e l a g  f o r  t .he  t y l s i c a l  w i n g  p r e s s u r e  l i n e  was 
snall e n o u g h  t o  b e  p r a c t i c a l l y  i z m e a s u r a 5 1 . e  w i t h  t h e  a n p a r a -  
t u s  e m p l o y e d .  A s m s l l  r a t e - o f - c h a n g e  d i f f e r e n c e  f o r  t h i s  
l i n e ,  h o w e v e r ,  c c u l d  b e  . ; i leasured. I t  i s  i n t e r e s i i n d  t o  n o t e  
t h a t  t , h e  rnaxirnum r a t e  o f  cbanTe  o f  r e c o r d e d  prc ;ss : i re  f o r  t h e  
w i n y  l i n e  was sor r ie t imes  more t h a n  tha t .  o f  + h e  a ? p l l . c d  p r e s -  
s u r e .  T h i s  phenomenon was c a u s e d  by a sinal l  i n i t i a l .  lag 
w h i c h  e s s e n t , i n l l y  d t s a p v e a r e d  b e f o r e  t h e  final p r e s s u r e  was 
r e a c h e d .  The  tire l z g  f o r  a t y p i c a l  a i l e r o n  l i n e  v:?.ri-ed f r o m  
0 . 0 9  s e c o n d  a t  a n  a n ? l i e d  r a t e  of c h a n g e  o f  ? r c s e n r z  c f  2 1  
i n c h e s  o f  mercur:; p e r  s e c o n d  t o  0 . 1 6  s e c o n d  a t  a n  a p p l i e d  
r a t e  o f  ch . ?nge  c f  p r e s s u r e  o f  1 4 0  i i i c k e s  o f  z e r c w ; r  p e r  s e c -  
o n d .  T h e  r a t e - o f - c h a n g e  d i f f e r e n c e  f o r  . t h i s  l i r i e  r a s e  Y S  
h i s h  i ~ s  8 0  i n c h e s  o f  n e r c c r y -  p e r  s e c o n d  a t  a n  a . r j p l i e d  r a ? e  o f  
c h a n g e  o f  p r e s s u r e  o f  1 4 0  i n c h e s  o f  n e r c u r y  v e r  s econd . .  

The i1agni tu .de  o f  p r e s s u r e  chan ,ye  t e s t e d  v a r i e d  b e t w e e n  
v a l u e s  c o r r e s p o n d i n g  t o  a b o u t  2 t o  1 2  i n c h e s  o f  m e r c u r y .  The  
r e s u l t s  y e r e  fo1;nd t o  b e  i n d e p e n d e n t  o f  t h e  m a g n i t u d e  o f  t h e  
p r e . s s u r e  c h a n g e  w i t h i n  t h i s  r a n g e .  S u b s e q u e n t  t o  t h e  l a b o r a -  
t o r y  t e s t s ,  i t ,  was f o u n d  t h a t  even  t . ke  l o w e s t  r a t e s  o f  p r e s -  
s u r e  c h y n g e  n s e d  ( 2 1  i n .  H g / s e c )  w e r e  c o n s i d e r a b l y  g r e a t e r .  
t h a n  t h e  h i g h e s t  -$alu.es e n c o u n t e r e d  i n  t h i s  f l i g h t  i n v e s t i g a -  
t i o n  ( l e s s  t h a n  4 i n .  H < / s e c ,  o b t a i n e d  on l e a d i n g - e d g e  o r i -  
f i c e s  i n  p u l l - u p s ) .  Thosc: h i g h  r a - t e s  o f  p r e s s u r e  chan<:c a l s o  
r e s u l t e d  i r ,  t u r b u l e n t  f l o w  i n  t h e  t u b e s .  The f l i g h t ,  r n . t e s  o f  
c h a n g e  o f  p r e s s u r e  w e r e  l o w e r  t h a n  t h e  L a b o r n t o r y - t 3 e s t  r a t e s ,  
a n d  a l t h o u g h  l a m i n a r  f l o w  may h a v e  e x i s t e d  i n  a t  l e a s t  p a r t s  
o f  t h e  t u b e s ,  i t  i s  c o n s i d e r e d  d o u b t f u l  t . h a t  t h e  lag e v e r  ap- 
p r e c i a b l y  e x c e e d e d  t h e  v a l u e s  shown.  
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TABLE 1.- ORDINATES OF PRESSURE ORIFICES 

[All values a r e  i n  p e r c e n t  ef c h o r d ]  

-- I 

9 
10 
11 

IJpper su r face1  Lower s u r f a c e  1 Upper s u r f a c e  

S t R -  
t i o n  

0.30 
93 

1.97 
5.20 
9.08 
16.79 
25.49 
36 e 02 
48.08 
59.70 
70.62 

--- 

I I 

S t a -  

2.10 1 1,23 
2.05 
4.85 

6.94 16.79 6.54 18,07 
7.50 25.49 7.08 25.90 
7.44 36.51 1 :::: 1 37.30 
6.71 48.62 6,74 51.82 
5.70 60.21 62.05 

73.00 4.51 71.48 4.51 

5.66 9.77 1 5.54 , 9.21 

- IC- -.  __I 

Ordi- 
nate 

1.38 
2.34 
2.97 
4.21 
5.53 
6.80 
7.25 
7.03 
6.12 
5.16 
3.98 

--.- 

..- 

I _I__--_. 

Lower s u r f a c e ,  

0.58 

2.61 I 3.14 
5.02 4.10 
9.22 5.21 
18.76 6.48 

51.62 1 6.03 

8 (ineasured) ,.E. r a d i u s  2.29 (sneasured) 
L.E. r a d i u s  2.34 ( s p e c i f i e d )  

1L.E. r a d i u s  2. 
L.E, r a d i u s  2.18 ( s p e c i f i e d )  

= 0.19 T.E. t h i c k n e s s  = 0.17 

Orif ice  

-- 
1 
2 
3 
4 
5 
G 
7 

9 
10 
11 

a 

-- 

How c 

10.52 
24.93 
37.20 

-_-__.. . _ ~  _- 
Lower s u r f a c e  
--- 

S t a -  
tion 

0.45 
1.29 
2,81 
5.50 
10.52 
23.73 
35.80 
c5.95 
53 41 
63.69 
76.27 

---- 

--.- 

------ 
Ordi-  

n a t e  

1.05 
1.89 
2.69 
3.57 
4.60 
5 8.1 
5.95 
5.58 
5.21 
4-52 
2.91 

---- 

-- 
L.E. r a d i u s  2,03 (cieasured) 
L.E. r a d i u s '  1.95 ( s p e c i f i e d )  
T.E. thickness = 0.15 



TABLE I. - -  Coiitiuued 

2 1  

. ..._-- 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

i Stti- Orcli- S ta -  [ O r d i -  

! 1 
i i 0,89 I 2-08 I l..l(> 1.53 

29.27 6.82 129.27 I 5,Gl 
18.42 5.02 I 4 8 . 4 2  1 S a O 4  

8~i.08 I 2,51 i 8 ; , 0 6  i 1.97 
8 7 , 3 0  1 2.01 187.30 1 1.62 
92,36 i 1.91 92.36 i 1,18 

I 
68.62 1 ~ 3 - i  168.62 3 . ~  

. 1. ._ _. -.!- .-___ !--- __ 
L,E. r L d i u s  1.89 (nieasuraed) 
L.E, r h d i u s  1.64 ( s p e c i f i e d )  
T.E. t h i c k n e s s  = Oc12 

- - -- I__ -__- _I___ __ . 

_ _  - 
Sta- 
t i o n  

0.86 
1.99 
5,57 
8.21 
16.08 
30.86 
51-89 
69.32 
00.76 
84.88 
93.63 

- -- -_ 

- _. 

Ordi-  
uute 

2,22 
2.78 
4.32 
3.07 
6,09 
5.26 
5 ,36  
4,13 
2 .e3  
2-28 
1.19 

Stu- 
t i o n  

1.02 
2.26 
5.88 
8.21 
16808 
36.86 
51,89 
69.32 
80.76 
84.80 
93,69  
---- - 

__----- 

Ordi- 
nate 

1.19 
1.69 
2 * 44 
2,68 
3.61 
4.27 
3.75 
2,57 , 

l"82 j 
1 . 4 7  I 

.71 ! 
- _. - __ 
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P i w e  3.- Tbee-view dzawfng of the Bell P-39N-1 airplane. 
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yigure 5.- Incidence and geopletrfc t r i e t  of the wings on the P-39N-1 
airplane. 
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(b) Section views 

Figure 7.- Concluded. P-3W-1. 
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Sigure 9.- Engine speed, propeller-blade angle, and brake horsepouer for tho 

airplane. 
e r i i i n e - t b ~ o t t l e d ~  propeller-in-high-pi tch goner setting. P-39N-1 



True speed, mph 
pq---a -6- U i n  - M s 6 - a .  Enmine onand w r - - - v  prqeller-blade angle. and brake horeepower for 

a power oetting of 39 inches o f  mercury and 2600 r p m .  P-39N-1 
airplane. 



True speed, mph 

Jigure 11. - Engine speed, propeller-blade angie, a r i i  brake hoi%sapiriier fiir a 
power se t t iug  of ful l  thrott le  and 3000 rpn. P-3W-1 airplane. 
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coefficient during the power-on t e a t  fllghtr. P-SON-1 airplane. 
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B’ipre 14,- Variation of resultant presmre coefficient with 

on flight. P-39N-1 airplane. 
Mach number for ori f ice  B-3 ,  a6 rneaeurod In power- 
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Distance f rom fuselage center l i n e ,  ft 

Figure 15.- Pressure distribution on the right wing in power- 

.lo, Mach number = ,30. 
r .  - .  on f l igh t .  P-39N-1 airpime. U L I G  cozff ic is i i t  = 



Distance from fusolage center line, ft 

Figure 15.- Contiuued. (b) Lift coefficient = .LO, Mach number 
= .&. P-398-1. 
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Distance from fuselage center l i n e ,  f t  

zigure is,- Continued, (ci L i f t  coeff ic ient  5 .iu, k~h number 
= .a. P-39N-1, 



Distance from fuselage center line, ft 

Figure 15.- Continued. (d) L i f t  coefficiest = .lo, Mach number 
= -60. P-39%-1. 



fig. 

Dietaaco from f u t B O l a g t 3  center Uno, f t  

15e 

r i p e  15.- Continued. ( 0 )  Lif t  coeffioient = .&OD Mach number 
= .70. P-39s-1, 



Figure 15.- Continued. (f) L i f t  coefficient .lo, Mach number 
= .78. P-3911-1. 
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Distance from fuselage center line, i t  

Figure 15.- Continued. (g) L l f t  coefficient = .20, Mach number 
= 030. P-39N-1. 
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Pigure $5,- Continued. (h) L i f t  coefflclent .20, Mach number 

= 140. P-39N-1, 
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Distance from fuselage center line, f t  

Figure 15.- Continued, (i) L i f t  coefficient T .20, Mach number 
= .50. P-3YN-1. 
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Di~tame  Qroa f'ueelage center line, i t  

Figure 15.- Continued. (j) L i f t  coefficient .a, Msch number 
= .60. P-39N-1. 
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Figure 15.- Continued, (k) Lift coefficient L .a, Mach number 
az -70. F-39N-1. 
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Figure 15.- Continued. (1) L i f t  coefficient = .20, Mach number = .78. P-39N-1, 



1 -  NACA 

Figure 15.- Continued. (m> L i f t  coefficient L= .50, llach number 
= ,30. P-39N-1. 
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Distance from fuselage center line, f t  

Figure 15,- Continued. (n) Lift coefficient .50, Mach number 
= .40, P-3%-1, 
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.Figure 3-5.- Continued, ( q )  L i f t  caefficient ' 5 0 ,  Mach number 
E: .73 ,  F-393-1. 



1 
*R 

C 

6 

4 
0 2  
0 
0 
k 
0 

u 

a 

o"2 

0 

1 I 

- q - j - -  I I, ! 

Distance from fuselage center l i ne ,  ft 

Figure 15.- Continued. ( E )  Lift coeff ic ient  =i 1.00, Mach number .30. F-3%-1, 
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Figure 15*- Contiwed, ( 8 )  Li f t  coefficient = 1.90, Ma& number 
= .40q P-39N-1 
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Distance from fuselage center l i n e ,  f t  

Figure 15,- Continued. (t) Lift coefficient = 1.00, k c h  number 
.50, P-39N-1. 
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Dintence from fuselage center line, ft 

Figure 15,- Concluded, (u) Lift coefficient F 1.00, Mach number 
.60. P-39N-1. 
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r’igure 16.- Pressure distribution O i i  the ii&t ring in ~OIBP 

= .LO, Mach number = .30. 
off flight. P-39N-1 airplane. (a) L i f t  coeff Scient 
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figure 16.- Continued. (b) L i f t  coefficient = .lo, Mach number 
.40. P-39N-1. 



Dietance f rom fuselage center line, ft 

Pigure 16,- Continued. !c> L i f t  coefficient = .lo, Mach number. 
5 .50. P-3%-1. 
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Figure 16.-  Continued. (d) L i f t  coefficient = . lo ,  Mach number 
.60. P-39N-1. 
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Distance from fuselage center line, ft 

Figure 16.- Continued. ( e )  Lift coefficient = .lo, Mach number 
= .70. P-3%-1. 
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Figure 16.- Continued, ( g )  Lift coefficient = .20, Mach number 
= -30. P-39N-1. 
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Figure 16.- Continued. '(h) Lift coefficient .20, Mach number 
= .40. P-39N-1. 
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Figure 16.- Continued. ( i >  L i f t  coefficient = .20, Mach number 
= -50. F-39X-1. 
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Figure 16,- Continued. (3) Llft coefficient .20, Mach number 
= .60. P-39N-1. 
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Figure 16. Continued. (IC) Lift coefficient = .20, Mach number 
= . 7 0 q  P49lrTIl. 
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Pigure 16.- Contirruod. (1) L i f t  coefficient = .a, k o h  number 
= -78, P-39N-1. 
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Figure 16,- Continued. b) L i f t  coefficient .50, lsach number 
9 = .30. P-39N-1. 
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Figure 16.- Continued. (n) L i f t  coefficient = .50, Mach number 
.40. P-39H-1. 
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Figure 16.- Continued. (p) Lift coefficient = .50, Mach number 
= .60. P-39N-1. 
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Figure 16.- Contiwed. (9) Lift coefficient = .50, Mach nunber 
= .71. P-39s-1. 
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rigure 16.- Continued. (1) Lift coefficient 1.0, Mach number = .30. P-39N-1. 
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Figure 16.- Contimod. ( 6 )  L i f t  coefficient = 1.0, Mach number = .40. P-39N-1. 
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Fig. 16t 

Eigure 16.- Continued. ( t )  Lift coefficient = 1.0, Mach number 
= .50. P-39N-1. 
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F i b w e  16.- Continued, (u) Lift coefficient = 1.0, Mach number 
= .60. P-39N-1. 
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Figure 16.- Concluded. (v) Lift coefficient = 1.0, Mach number 
= .65. P-35%-1. 
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Yigure 17.- Variation of right-wing-panol lift coefficient w i t h  
Mach number, P-39N-1 alrplano. 
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Figure 18.- Variation of right-wing-panel bending-moment coefficient with 

Mach number. P-39N-1 airplane. 

18 

,074 



6 

5 

Pigwe 19.- Variation of lateral dletance from root chord to 
center of preesure of right wing panel with Mach 

number P-39N-1 airplane 



NACA ARi3 No. 
.016 

3 
4 .012 

.000 

- . 00' 

-. 012 

- . OO( 

- .ox 
1.0 0 . V  c ." A .- 3 .- I 

Mach number, M 

Figure 20.- Variation of right-wing-panel pitching-mament coefficient w i t h  
Mach awber. P-3%-1 8- 
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Figure 21.- Calculated values of c r i t i c a l  Mach number for the 
specif ied root and t i p  wing sect ions on the P-39N-1 

airplane 



Figure 22 .- Variation of w l n g  interaal-preeeure coefficient with Mach wup- 
ber . P-3 9N-1 airplane 
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Xigure 23.- Variation of slope of the a i rp lane  l i f t  curve with bdach 
number, P-39N-1 airplane. 



NACA AW No. GO9 Fig. 24 

0 
Time,  sec 

figure 24.- T i m e  history of pressure lag in typical ailoron 
lino. P-39N-1 airplane. 
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Figure 25.- Lag in typ ica l  wing  pressure l i n e s .  F49N-1 air- 
plane. 


